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(54) A method and apparatus for transmitting digital picture signals 



(57) The present invention relates to transmitting a 
digital picture signal generated at a first sampling rate 
-tb~be r received by-a-rec^ 

and is ot advantage in converting a standard television 
signal to a high definition (HDTV) signal. 

The invention provides that the picture signal is gen- 
erated, compressed and transmitted. The signal is then 
decompressed for application to the receiver. Additional 



picture information is generated and added to the video 
signal to change the signal from the first to the second 
^sampHngtrate. The:addit^ 

formation takes place at a point in the sequence of trans- 
mission following the compression of the digital signal 
at the first sampling rate and before the signal is applied 
to the receiver. By this means, the cost and complexity 
of a compression encoder to compress the picture sig- 
nal at the higher sampling rate is avoided. 
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Description 

[0001] The present invention relates to a method and 
apparatus for transmitting a digital picture signal gener- 
ated at a first sampling rate to be received by a receiver s 
operating at a higher sampling rate. The digital picture 
signals may represent successive frame or picture in- 
formation. The invention is of advantage in converting 
a standard television signal to a high definition (HDTV) 
signal. 10 
[0002] The generation of digitally compressed HDTV 
signals requires costly encoding equipment due to the 
large number of samples and the high sampling fre- 
quency of the HDTV signals. Furthermore, the genera- 
tion of HDTV signals requires considerable investment is 
in studio and production equipment. It has been sug- 
gested that in order to start HDTV transmissions, most 
of the existing production and studio equipment for pro- 
ducing normal standard television signals could remain. 
It is suggested that this could be augmented by an up- 20 
conversion to HDTV signals prior to compression en- 
coding. In this way, HDTV transmissions can be started 
so as to service a growing population of receivers capa- 
ble of receiving and decoding HDTV signals. This has 
the advantage that the production is still mostly carried 25 
out at the normal resolution using the existing equip- 
ment followed by conversion to HDTV encoding at a lat- 
er st age. The cost of re-equipping transmission and 
^broadcastfacftiti^ 
[0003] The most common format for the standard tel- so 
evision signal is an interlaced or progressive video sig- 
nal sampled at 27 MHz. A 525 line signal, consists of 
480 lines by 720 samples with a frame rate of 29.97 Hz 
and a 625 line signal consists of 576 lines by 720 sam- 
ples at a frame rate of 25 Hz. Up conversion consists of 35 
an increase of the number of lines per frame, the number 
of frames per second, the number of samples per line 
or a combination of these. An HDTV compression en- 
coder might have to process a video signal which con- 
sists of 720 lines by 1 280 samples with a frame rate of 40 
59.94 Hz, which represents a sample rate of about 5.3 
times the original sampling rate using the standard pro- 
duction equipment. 

[0004] To convert a standard television signal to an 
HDTV signal prior to compression encoding presents 45 
the problem of a costly compression encoder to deal 
with the higher sampling frequency of the HDTV signal 
rather than the tower sampling frequency of the stand- 
ard signal. 

[0005] According to the present invention, there is so 
now provided a method of transmitting a digital video 
signal generated at a first sampling rate to a receiver 
operative to receive at a second sampling rate higher 
than the first, the method comprising a sequence of 
steps including: generating the digital video signal at the ss 
first sampling rate; compressing the digital video signal;.. ■ . • ) 
transmitting the compressed digital video signal; de- 
compressing the digital video signal; and appjyjog the™. '* » 



decompressed video signal to the receiver, character- 
ised in that the method comprises the additional step of 
providing additional picture information and adding the 
additional information to the video signal to change the 
signal to the second sampling rate, the additional picture 
information being added at a point in the sequence of 
transmission following the step of compressing the sig- 
nal at the first sampling frequency and before applying 
the signal to the receiver. 

[00OS] Further according to the present invention 
there is provided apparatus for transmitting a digital vid- 
eo signal generated at a first sampling rate to a receiver 
operative to receive at a second sampling rate higher 
than the first, the apparatus comprising: a generator to 
generate a digital video signal at the first sampling rate; 
a compression encoder to compress the digital video 
signal; a transmitter to transmit the compressed video 
signal; and a decoder to decompress the video signal 
for application to the receiver, the apparatus being char- 
acterised in that there is provided a generator of addi- 
tional picture information and an adding circuit to add 
the additional picture information to the video signal to 
change the signal to the second sampling rate, the add- 
ing circuit being disposed to add the additional informa- 
tion at a point in the sequence of transmission following 
the compression of the signal and before the application 
of the signal to the receiver. 

[0007] The invention thus has the advantage that the 
-compression may take-place using a compression en 1 - - 
coder operating at the sample rate of the first line defi- 
nition format rather than the higher sample rate of the 
second line definition format. 

[0008] The invention will now be further described, by 
way of example, with reference to the accompanying 
drawings in which: 

Figure 1 shows a prior art signal conversion system 
to convert digital television signals, and 

Figures 2, 3, 4 and 5 are block diagrams which show 
respectively four alternative embodiments of appa- 
ratus according to the present invention to convert 
a standard digital television signal to a high defini- 
tion television signal. 

[0009] In Figure 1 , there is shown standard television 
production equipment 10 designed to produce an output 
digital television signal A conforming to a standard for- 
mat. An example of a standard format is the 525 line 
signal sampled at 27 MHz consisting of 480 lines by 720 
samples with a frame rate of 29.97 Hz. Another standard 
format is the 625 line signal consisting of 576 lines by 
720 samples with a frame rate of 25 Hz. The signal A is 
applied to a converter 11 which provides, by interpola- 
tion from the signal A, an up-conversion from the stand- 
aFdJprjoa§UQj|it high definition (HDTV) format of 720 
lines by 1280 samples with a frame rate of 59.94 Hz. 
nrhe output -from the converter 11 is the HDTV signal B. 
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[0010] The HDTV signal B is applied to a compression 
encoder 12 to produce the compressed signal C ready 
for transmission to a receiver 13. As can be seen from 
the diagram in Figure 1 , the compression encoder 12 is 
required to compress the full HDTV signal B to produce 
the compressed signal C. This requires the encoder 12 
to compress a signal having about 5.3 times the sample 
rate of the signal A in standard format. 
[0011] Referring nowto Figure 2, there is shown afirst 
embodiment of apparatus according to the present in- 
vention. In Figure 2, there is shown television production 
equipment 20 which is of the same general configuration 
and operation as the equipment 10 in Figure 1 and pro- 
duces an output digital television signal A of the same 
standard format as the equipment 10. The signal A from 
the production equipment 20 is applied to a compres- 
sion encoder 21 which employs the MPEG 1 or MPEG 
2 compression algorithm widely used in digital video 
compression. The compression encoder 21 compress- 
es the signal A to produce a compressed signal B1 . The 
compressed signal B1 is then applied to a syntactic up- 
converter 22 where the signal B1 is converted to form 
the HDTV signal C for transmission to the receiver 23. 
[001 2] The embodiment of the invention shown in Fig- 
ure 2 is particularly adapted to the situation where a 
large percentage of the television content originates 
from film produced at 24 frames per second and for 
which a progressive representation of the video signal 
-is most appropriate^lf the video signal-A^at the:i^ 
the compression encoder 21 is progressively scanned 
with a frame rate of 29.97 Hz, then the process of com- 
pression encoding can be carried out before the up-con- 
version to higher frame rates. The process of converting 
24 Hz film into a video signal with a frame rate of 29.97 
Hz (known in the art as 3:2 pull-down) is usually re- 
versed at the input to the compression encoder so that 
the encoder produces a compressed video signal at 24 
frames per second. 

[001 3] The up conversion carried out in the converter 
22 is based on the principle of inserting additional syn- 
thesized pictures in between existing ones using syn- 
tactic elements of the compression algorithm employed 
in the compression encoder 21 . The syntactic elements 
are derived from the compression algorithm by means 
of the synthesizer 24. In the simplest case, there is no 
content in these added synthesized pictures other than 
picture and slice headers. This will result in a frame re- 
peat in the receiver 23, which in the case of 24 Hz orig- 
inated film, might be all that is needed to reduce the 
large area flicker of the display. The up-conversion proc- 
ess consists of the addition of small syntactic elements 
into the compressed bitstream and the increase in data 
rate due to the up-conversion is, therefore relatively 
small. 

[0014] If the standard format signal A is produced at 
a higher frame rate, e.g. 29.97 Hz interlaced, the simple 
method employed in the system of Figure 2 may result 
in motion judder which may not be acceptable in all cas- 



es. Referring now to Figure 3, there is shown a second 
embodiment of the present invention in which this prob- 
lem of motion judder is addressed. 
[0015] In Figure 3, the production equipment 30 is of 
5 the same general configuration and operation as the 
equipment 20 of Figure 2 except that it produces a digital 
television signal A at a frame rate of 29.97 Hz. Signal A 
is applied to a compression encoder 31 which produces 
a compressed signal B1 and additionally copies the mo- 
re tion vectors from the previously transmitted frame into 
a frame store 32. The motion vectors are scaled down 
in a divider 33 by a factor of 2 to allow for the shorter 
time period. The resultant scaled motion vectors are ap- 
plied to the up-converter 34 together with the com- 
is pressed signal B1 . The up-converter synthesizes the 
picture signal C for transmission to the HDTV receiver 
35 by the addition of the syntactic elements previously 
referred to and includes motion compensation using the 
scaled down motion vectors. Thus, motion compensa- 
20 tion is achieved without the need for additional motion 
estimation. 

[0016] It is possible to adapt the apparatus shown in 
Figure 3 to provide motion compensated up-conversion 
as shown in Figure 4. The motion vectors in this case 

25 are derived from the digital signal A by motion estimation 
using the motion estimation circuit 36. The motion vec- 
tors are applied to the up-converter 34 from the motion 
estimation circuit 36 in place of the scaled motion con-. 

^ verters from the divider-33. . ,^ r -.,,.^ 



30 [0017] The apparatus so far described with reference : 
to Figures 2 to 4 works well for most types of picture 
material. It is only with certain types of motion which are 
not readily represented in syntactic elements of the 
compression algorithm (eg rotational motion) that diffi- 

35 culties may be presented. A solution is to delay the proc- 
ess of up - conversion to a HDTV signal into the HDTV 
receiver. Such a solution is shown in the apparatus of 
Figure 5. 

[0018] In Figure 5, standard television production 

40 equipment 40 is of the same general configuration and 
operation as the equipment 20 of Figure 2 or the equip- 
ment 30 of Figures 3 and 4. The equipment 40 produces 
a digital television signal A for application to a digital 
compression encoder 41, which produces a com- 

45 pressed digital television signal B1. The signal B1 is 
transmitted together with a motion vector quality signal, 
which indicates the quality of motion compensation. 
[0019] The signal B1 from the encoder 41 is decoded 
by means of a compression decoder 42 and subse- 

50 quently up-converted into the HDTV format in a convert- 
er 43. Motion vectors are passed from the decoder 42 
into a motion vector store 44 where they are divided by 
2 in a divider 45. The resulting scaled motion vectors 
are similar to those referred to in connection with the 

55 embodiment of the invention shown in Figure 3 and are 
applied to the converter 43 which produces the motion 
compensated signal C in HDTV format for application to 
the receiver 46. 
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[0020] The signal C is applied to the receiver 46 by 
way of a switch 47 controlled by the motion vector quality 
signal. Limitations of the compression syntax may 
cause the motion compensation provided by the con- 
verter 43 to suffer. Spatial samples of the video signal 
decoded by the decoder 42 are provided to a linear 
frame interpolator 48 which performs linear frame inter- 
polation on the decoded signal for application to the 
switch 47. The motion vector quality signal is effective 
to control the switch 47 to connect the receiver 46 to an 
output terminal of the switch 47 to receive the motion 
compensated signal from the converter 43 whenever 
the quality of motion rendition is adequate. Once the 
quality of motion rendition becomes unacceptably low, 
the switch 47 is switched to apply the linear interpolated 
signal from the interpolator 48 to the receiver 46. 



Claims 

1 . A method of transmitting a digital video signal gen- 
erated at a first sampling rate to a receiver operative 
to receive at a second sampling rate higher than the 
first the method comprising a sequence of steps 
including: 

generating the digital video signal at the first 
sampling rate; 
^^=^compressing-the^digitalivideo =signal;^^=^& 
transmitting the compressed digital video sig- 
nal; 

decompressing the digital video signal; and 
applying the decompressed video signal to the 
receiver, characterised in that the method com- 
prises the additional step of providing addition- 
al picture information and adding the additional 
information to the video signal to change the 
signal to the second sampling rate, the addi- 
tional picture information being added at a point 
in the sequence of transmission following the 
step of compressing the signal at the first sam- 
pling frequency and before applying the signal 
to the receiver. 

2. A method as claimed in claim 1 or 2, wherein the 
step of compressing the signal is performed using 
a digital compression algorithm and the step of add- 
ing the synthesized picture information comprises 
inserting additional synthesized pictures derived 
from elements of the compression algorithm. 

3. A method as claimed in claim 1 or 2 that is applied 
to converting a digital picture signal in the form of a 
digital television signal. 

4. A method as claimed in claim 3, comprising the fur- 
ther steps of copying motion vectors from the tele- 
vision signal, dividing the motion vectors and using 



the divided motion vectors to effect motion compen- 
sation of the converted television signal. 

5. A method as claimed in claim 4, comprising the f ur- 
5 ther step of decompressing the compressed televi- 
sion signal before the step of adding synthesized 
picture information. 

6. A method as claimed in claim 5, wherein the step 
10 of copying motion vectors from the television signal 

is performed by copying the motion vectors from the 
decompressed television signal. 

7. A method as claimed in claim 6, including the further 
75 steps of deriving a linear frame interpolated signal 

from the decompressed television signal; deriving 
a motion vector quality signal indicative of the qual- 
ity of motion compensation, and applying the mo- 
tion vector quality signal to a switch to select either 
20 the motion compensated converted signal or the lin- 
ear frame interpolated signal for supply to an output 
terminal of the switch. 

8. Apparatus for transmitting a digital video signal gen- 
25 erated at a first sampling rate to a receiver operative 

to receive at a second sampling rate higher than the 
first, the apparatus comprising: 

30 the first sampling rate; 

a compression encoder to compress the digital 
video signal; 

a transmitter to transmit the compressed video 
signal; and 

35 a decoder to decompress the video signal for 

application to the receiver, the apparatus being 
characterised in that there is provided a gener- 
ator of additional picture information and an 
adding circuit to add the additional picture in- 
40 formation to the video signal to change the sig- 

nal to the second sampling rate, the adding cir- 
cuit being disposed to add the additional infor- 
mation at a point in the sequence of transmis- 
sion following the compression of the signal 
^5 and before the application of the signal to the 

receiver. 

9. Apparatus as claimed in claim 8, wherein the gen- 
erator of additional picture information is effective 

50 to derive the additional picture information from a 
compression algorithm employed by the compres- 
sion encoder to compress the video signal. 

10. Apparatus as claimed in claim 8 or 9, which isadapt- 
55 ed to convert transmitted digital video signals in the 

form of digital television signals. 

11. Apparatus as claimed in claim 10, further compris- 
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ing means to copy motion vectors from the televi- 
sion signal, a divider to divide the motion vectors 
and means to apply the divided motion vectors to 
effect motion compensation of the converted televi- 
sion signal. 

12. Apparatus as claimed in claim 11, wherein the 
means to copy motion vectors is connected to re- 
ceive motion vectors from the decoder. 



10 



13. Apparatus as claimed in claim 12, further compris- 
ing a frame interpolator to derive a linear frame in- 
terpolated signal from the decoder to derive a mo- 
tion vector quality signal indicative of the quality of 
motion compensation and a switch operated by the is 
motion vector quality signal to select either the mo- 
tion compensated converted signal or the linear 
frame interpolated signal for supply to an output ter- 
minal of the switch. 

20 

14. A method of transmitting a digital video signal gen- 
erated at a first sampling rate to a receiver operative 
at a second sampling rate higher than the first, the 
method being substantially as hereinbefore de- 
scribed with reference to Figure 2, 3, 4 or 5 of the 25 
accompanying drawings. 

1 5. Apparatus for transmitting a digital video signal gen- 
crated at a first sampling ratetoa receiver operative- - - 



to receive at a second sampling rate higher than the 30 
first, the apparatus being substantially as hereinbe- 
fore described with reference to Figure 2, 3, 4 or 5 
of the accompanying drawings. 
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